This analysis investigates changes in spatial access to safety-net primary care in a sample of US public housing residents relocating via the HOPE VI initiative from public housing complexes to voucher-subsidized rental units; substance misusers were oversampled. We used gravity-based models to measure spatial access to care, and used mixed models to assess pre-/post-relocation changes in access. Half the sample experienced declines in spatial access of ≥79.83%; declines did not vary by substance misuse status. Results suggest that future public housing relocation initiatives should partner with relocaters, particularly those in poor health, to help them find housing near safety-net clinics.
migration, particularly of impoverished and minority households. (Massey and Denton, 1993; Rae, 2003) In the USA, the "Housing Opportunities for People Everywhere" (HOPE) VI initiative is one such policy. HOPE VI demolishes public housing complexes, a prominent feature of many urban environments, and catalyzes mass migrations of public housing residents. At issue in this short report is whether and how HOPE VI affects relocaters' spatial access to safety-net primary care.
HOPE VI
The USA is experiencing a paradigm shift in public housing policy. (Goetz, 2003) After decades of pursuing policies that spatially concentrated public housing units into high-rises and campuses, the US Department of Housing and Urban Development (HUD) and local public housing authorities now seek to dismantle these complexes and disperse residents to other neighborhoods. (Goetz, 2003) This shift was precipitated by concerns that concentrated poverty was detrimental to public housing residents and to their neighbors, and impeded urban development. (Department of Housing and Urban Development, 2008; Popkin et al., 2002) HOPE VI has been the primary policy driving this urban transformation. Enacted in 1992, HOPE VI funds the relocation of all residents of "severely distressed" complexes to voucher-subsidized rental units in the private market; the demolition of distressed complexes; and the revitalization of sites where complexes were located. (Popkin et al., 2004 ) "Severely distressed" complexes have high rates of crime or poverty; contribute to local socioeconomic decline; or are in extreme disrepair. (Popkin et al., 2004) HOPE VI relocaters tend to move to voucher-subsidized rental units that are located in neighborhoods with lower rates of poverty and violent crime and less drug activity than their original neighborhood. (Popkin et al., 2004) The extent of these improvements, however, is not experienced uniformly across relocaters. Residents in poor health, including those who misuse substances, are HIV infected, or have chronic diseases, experience more modest improvements in post-relocation neighborhood conditions. (Popkin et al., 2004) This unevenness is significant because high proportions of public housing residents are in poor health. (Popkin et al., 2004) For example, Simning et al. (2011) found that the 12-month prevalence of substance use disorders was more than twice as high among African-American public housing residents than it was among other African-American urban residents, controlling for sociodemographic characteristics.
Spatial Access to Safety Net Primary Care
Primary care is the foundation of an effective and responsive healthcare system: it provides primary prevention, enhances opportunities for early disease detection, and improves the efficiency of the healthcare system as a whole. (Committee on the Future of Primary Care, 1996) Primary care is particularly important for active substance misusers, who have high rates of physical and mental health problems (e.g., sexually-transmitted infections, depression). (Weisner et al., 2001) Notably, spatial access to primary care clinics influences service use. (Arcury et al., 2005; Continelli et al., 2010; Nemet and Bailey, 2000) Spatial access to safety-net primary care clinics may be particularly important for linking impoverished individuals to care; the Institute of Medicine (IOM) defines safety-net care clinics as "providers that organize and deliver a significant level of health care and other health-related services to uninsured, Medicaid, and other vulnerable patients".(p. 3, Committee on the Changing Market, 2000) In the present analyses, we tested the hypothesis that HOPE VI relocaters in Atlanta, GA (USA) experienced declines in spatial access to safety-net primary care clinics after they moved. A move to a less impoverished neighborhood may also be a move to an area with fewer resources for poor families, including safety-net care. We also investigated whether the magnitude of changes in spatial access to safety-net care varied by relocaters' baseline substance misuse status, and by other baseline health status indicators.
Methods

Sample and Recruitment
To be eligible to take part in the study, individuals had to live in one of the seven Atlanta Housing Authority (AHA) complexes targeted for relocation and demolition by HOPE VI in 2008 -2009 ; be an African-American adult (≥18 years old); have been sexually active in the past year; and not live with a current study participant. Given the project's overarching interest in investigating the impact of relocations on substance misusers' health, we used quota sampling to create a cohort that was diverse with regard to substance misuse at baseline. Specifically, we sought to create a sample in which 25% of participants met screening criteria for alcohol or drug dependence; 50% misused substances but were not dependent; and 25% did not misuse substances at baseline. Because data collection began after relocations had started, we could not use random sampling or respondent-driven sampling to create the cohort. The sample was created using a variety of recruitment methods, including consistent staff presence within each of the seven complexes targeted by HOPE VI; peer recruitment; and partnering with community-based organizations near each complex that served substance misusers. Interested individuals were screened for eligibility.
We report here on data collected at baseline (i.e., pre-relocation) and Wave 2. Baseline data were gathered in 2009, and Wave 2 data collection occurred approximately 9 months later. 172 participants completed baseline interviews; 163 of these individuals completed Wave 2 interviews. These analyses pertain to the 160 participants who completed Wave 2 interviews and lived in the Atlanta metropolitan area at Wave 2.
Measures
We assessed potential spatial access to safety-net primary care clinics at baseline and Wave 2 using gravity-based models (GBMs). GBMs measure spatial access as:
where C ijl is the travel distance between participant i 's residence and clinic j at wave l; b is a distance decay formula that allows access to decline as distance increases; and W jl is the service capacity at clinic j at wave l (Iacono et al., 2008) We calculated C ijl in three stages:
1. Stage 1: At each wave, we geocoded each participant's home address to its longitude/latitude.
Stage 2:
We created inventories of all safety-net primary care clinics operating in the Atlanta metro area at baseline and Wave 2 by reviewing federal, state, and local rosters of public clinics and consulting with local experts. We called each clinic to verify that it met the IOM definition of a "safety-net clinic". That is., it (1) accepted Medicaid for all patients, and (2) either provided free services or had a sliding scale for the uninsured or for costs not covered by insurance. We created inventories of safety-net clinics for baseline and Wave 2, and geocoded their addresses.
Stage 3:
We calculated C ijl for all residence/clinic pairs that were within a "reasonable travel distance" of one another. We calculated two versions of "reasonable travel distance", one assuming that people drove to care and the other assuming that they took public transportation. To calculate these two variants of "reasonable travel distance" we analyzed participant responses to baseline questions about travel time and mode of transportation to their usual source of care. The mean travel time was 38 minutes for people who drove to care. We translated travel time to distance by calculating the distance one could travel in 38 minutes on the local road network at the local speed limit from each participant's home. The mean travel time was 23 minutes for people who took public transportation. The average distance one could travel on the public transportation network is 2.44 miles, as determined by multiple trials on Hopstop™ from eight randomly-selected participants' homes.
Service capacity (W jl ) can be operationalized as the number of providers delivering healthcare services at each site. The high number of volunteer and part-time providers at each clinic, however, prevented clinics from estimating the number of providers, and so we set W jl to 1.00. Based on Schuurman et al. (2010) we used two values of b, 1.5 and 2.0; lower values of b generate lower access values to sites that are farther away. We therefore calculated four GBM-based estimates of spatial access for each participant at each wave, reflecting the two possible modes of transportation and two possible b s. Higher GBM values indicate better access.
GBMs produce unitless results and so are difficult to interpret intuitively. We therefore complemented these GBM-based measures with access measures that simply captured the distance between each residence and the closest clinic at each wave of data collection.
Individual sociodemographic characteristics and health status were ascertained at baseline using surveys. Substance dependence was assessed using the TCU Drug Screen II. (TCU Institute of Behavioral Research, 2006) A global measure of self-rated health from the SF-12 was used to assess general health status. (Ware et al., 1996) HIV serostatus was ascertained via self report.
Analysis-We calculated measures of central tendency and dispersion for each of the spatial access measures at baseline and at Wave 2, and for the percent change in each of these measures over time. We used mixed models that included random coefficients for the intercept and time to test whether changes in access differed from zero, and whether changes in access varied by baseline health status.
Results
Fifty-seven percent of participants were women and the median annual income in the sample was $7,500 (Table 1) . At baseline approximately 20% of participants were substance dependent, 30% reported that they were in poor to fair health, and 9% reported that they were HIV-positive. Almost all participants moved to homes within the city of Atlanta (Figure 1) ; the median distance between each participant's housing complexes and his/her new home was 5 miles.
Participants experienced sharp declines in spatial access to safety-net primary care after relocating, regardless of how access was measured (Table 2) . When access was measured as distance to the closest safety-net primary care clinic, our results suggest that at baseline half the sample lived <0.5 miles from such a clinic; at Wave 2, half the sample lived <2.00 miles from such a clinic. When we used GBM-based measures and set b =1.50, half of the participants taking public transportation to care experienced declines in access of ≥79.83%; people who drove to care experienced slightly steeper declines. Access estimates were higher when b =2.00, and declines in access were more modest. Mixed models indicate that the absolute decline in access differed significantly from zero (Table 3 ; results were similar across access measures, and so we present only results for public transportation when b =1.5; results of other models are available upon request to the first author). Regardless of the access measure used, mixed models also suggest that pre-/post-relocation changes in access did not vary according to baseline substance dependence or by self-rated health; we could not test the relationship between HIV status and change in access because so few people self-reported HIV-positive serostatus.
Discussion
Our findings suggest that HOPE VI residents in Atlanta experienced substantial declines in spatial access to safety-net primary care after they relocated. The median distance to the nearest safety net clinic increased from approximately 0.5 miles to 2.00 miles. The median decline in spatial access to care as measured using GBM methods ranged from 69%-86%, depending on the measure. The "severely distressed" public housing complexes targeted by HOPE VI in Atlanta were often located in neighborhoods of entrenched destitution; (Boston, 2005) despite their many hazards, these neighborhoods may have attracted services for deeply impoverished families. Because of intersectoral collaboration, local health departments had located public clinics within or near at least three AHA complexes. HOPE VI relocations tended to take residents to less impoverished neighborhoods that might have had fewer assets for poor families, though they conferred other benefits. (Popkin et al., 2004) These neighborhoods may have had good access to primary care, but not to safety-net primary care clinics. Notably, spatial access to safety-net primary care decreased even among people who relocated to rental units near their public housing complex because several safety-net clinics in and near the complexes closed after the demolitions.Osypuk and Acevedo-Garcia (2010) have written about opportunities and limitations that mobility programs hold for population health; to their discussion of limitations we would add that the neighborhoods to which relocaters move may lack key services for low-income residents.
Diminished spatial access to safety-net primary care for these relocaters is concerning, given their generally poor health and the well-established link between proximity to healthcare and utilization. Prior research with this cohort confirms the importance of spatial access to care for this population: we found a positive relationship at baseline between travel time to care and current infection with a sexually-transmitted infection. (Bonney et al., 2012) Results from mixed models indicate that declines in spatial access to care were uniform across participants, regardless of baseline substance misuse or other health status. Perhaps finding a home that was near safety-net primary care was not among relocaters' priorities even when they were in poor health, or perhaps they were unable to find such housing among available voucher-subsidized units.
Our findings should be interpreted in light of their limitations. As is common in studies with substance misusers, our sample was not randomly drawn from the underlying population in each complex and thus the extent to which our findings are generalizable is unknown. Notably, however, comparisons of our sample with a HUD survey of these complexes suggest that our sample's income and household size were similar to those of the underlying resident population. (Department of Housing and Urban Development, 2000) The sample's income, marital status, and age structure were also similar to those of a 782-member cohort created by the Urban Institute study of HOPE VI in five cities (Popkin et al., 2002) . Additionally, our measure of spatial access for participants who used public transportation did not incorporate bus or train schedules or routes. Our findings were, however, robust across several measures of spatial access.
Our analyses suggest directions for future research and practice. Despite their scope and frequency in the USA, few studies have explored whether and how mass intra-urban migrations alter migrants' spatial access to care. Future research analyzing data from probability-based samples whenever possible should document these changes, and identify successful strategies to help ensure continuity of care post-relocation. If future studies confirm our findings, relocation initiatives for public housing residents should help relocaters, particularly those in poor health, find housing that is near safety-net primary care.
Highlights
• HOPE VI disperses public housing residents to privately-owned subsidized rental units.
• We studied HOPE VI's impact on relocaters' spatial access to safety net primary care.
• Spatial access to safety net primary care declined substantially post-relocation.
• Declines in access to care did not vary by baseline health status. Spatial distributions of the public housing complexes where participants (n=160) lived at Wave 1 and of their homes after they relocated.1 1 The locations of the Wave 2 addresses were jittered to preserve participant anonymity. Changes in spatial access to safety net primary care in a cohort of adults (N=160) relocating from public housing in Atlanta, GA via the HOPE VI initiative, as measured using five different methods of measuring spatial access Results of mixed models regressing post-relocation spatial access to safety net primary care on measures of baseline health status, pre-relocation spatial access to safety net primary care, and time in a sample of HOPE VI relocaters in Atlanta, GA (N=160) Y In Model 1, post-relocation spatial access to clinics was regressed on baseline access, time, and baseline substance dependence. Spatial access to care is measured assuming that participants took public transportation to care, and that the distance decay was beta =1.5.
¥ In Model 2, post-relocation spatial access to clinics was regressed on baseline access, time, and baseline self-rated general health status. Spatial access to care is measured assuming that participants took public transportation to care, and that the distance decay was beta =1.5. * p<0.05 ** p<0.001 *** p<0.0001
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